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Description 

HORIZONTAL PLANE VIEWABLE 
PRECISION BUBBLE LEVEL 

Background of Invention 

[0001] The field of the invention is that of assembling machinery, 
in particular setting a component level in which the ability 
to view a level is limited. 

[0002] Spirit levels, in which a bubble of air is trapped within a 
vial containing a fluid, are well known in the construction 
and assembly field. 

[0003] as shown in US Patent 6,449,859, a typical level com- 
prises three vials set at varying angles with respect to an 
axis of the instrument, typically parallel, perpendicular 
and at an angle of 45 degrees. 

[0004] That patent addresses the problem of arranging to view a 
bubble level that is placed against a nominally vertical 
surface having an orientation that does not permit the 
technician using the level to view the bubble in the usual 
manner. 



[0005] The bubble that is to be viewed, referred to as the verti- 
cal-sensing bubble, is oriented at a right angle with re- 
spect to the level axis, so that a viewer looking at the 
nominally vertical surface will be looking at the bubble 
end on and will not be able to see the location of the bub- 
ble with respect to the reference marks. Normally, the 
viewer will look at the level along a viewing direction that 
is parallel to the surface being plumbed. 

[0006] The situation addressed by this prior art patent is one in 
which the normal viewing direction is blocked, so that it is 
not possible to view the bubble in the normal fashion. 

[0007] The solution provided by that patent is the provision of a 
mirror oriented at an angle of 45 degrees to the axis of 
the level and directing the image of the vertical-sensing 
bubble along an axis perpendicular to the surface being 
plumbed, so that the vertical-sensing bubble may be 
viewed from a head on position. 

[0008] The cited patent provides a reasonable solution to the 
problem that it addresses, bit is specific to a situation in 
which there is ample clearance in the vertical direction, so 
that the entire length of the level, shown as being consid- 
erably longer than the height of the technician's head, can 
fit in the available space. 



[0009] This reference does not address the problem of a confined 

and restricted vertical space. 

[0010] The art would benefit from a level that can be viewed in a 

vertically restricted space. 
Summary of Invention 

[001 1] The invention relates to an apparatus for viewing a level 
placed on a substantially horizontal surface, in which the 
space containing the level is restricted such that vertical 
viewing is blocked. 

[0012] a feature of the invention is the placement of a prism that 
directs the image of the bubble parallel to the surface be- 
ing tested. 

[0013] a feature of the invention is the use of half-silvered mir- 
ror in the prism, so that a light source does not interfere 

with the viewing. 
Brief Description of Drawings 

[0014] Figure 1 illustrates an embodiment of the invention. 
[0015] Figure 2 illustrates an alternative embodiment. 
[0016] Figure 3 illustrates another alternative embodiment. 
[0017] Figure 4 illustrates a prior art example. 
Detailed Description 



[0018] The problem addressed by the invention is having the 

ability to properly view a bubble level and making adjust- 
ments to an assembly in close quarters of a tool or as- 
sembly. In the course of assembling and aligning a com- 
plex apparatus, it is sometimes necessary to align and set 
level a surface that is blocked by other portions of the 
equipment, so that it is not possible to view the vial of the 
level while adjusting the screw or other mechanism that 
controls the orientation of the surface being leveled. 

[0019] The ability to view the bubble while turning a wrench 

while making the adjustments to several components on a 
wafer track tool or other precision tool saves both time 
and possibly the use of an assistant to call out the state of 
the bubble. There are various examples of areas that re- 
quire positional accuracy and a level attitude in the 360 
degrees of the horizontal plane, thus requiring the use of 
a bubble level. 

[0020] Figure 1 shows a view of an arrangement that incorpo- 
rates a prism in the viewing area of this bubble level in a 
horizontal viewing angle without the aid of a hand held 
mirror. 

[0021] | n t he example, surface 10 is being leveled by adjust- 
ments not shown in the Figure. Level 20 rests on the sur- 



face 10, with the sensing bubble on the top surface and 
therefore viewable from above. The bottom surface of 
level 20 is referred to as the reference surface. 

[0022] p r i sm 30 rests on the top surface of level 20, with a lower 
portion 32 in contact with the surface and an upper por- 
tion 35, separated from the lower portion 32 by half sil- 
vered mirror 34. Mirror 34 is illustratively oriented at an 
angle of 45 degrees with respect to the reference surface 
on the bottom of level 20, so that the image of the bubble 
travels horizontally when the reference surface is horizon- 
tal. Such half silvered mirrors are conventional in the opti- 
cal field and have the well known property that light from 
source 40 above the prism will pass through the reflective 
surface, while light reflected from the bubble 25, in fluid 
22, referred to as the image of the bubble, traveling up- 
ward is reflected off to the left. An alternative form of 
prism having polarizing properties may be used with po- 
larized light to achieve the same effect. Both these types 
of prism surfaces will be referred to generally as partially 
transmissive. The prism may omit the upper half and have 
a slanting top, if desired. 

[0023] Thus, it is possible to illuminate the bubble without di- 
recting excessive light into the viewer's eye (or camera 



lens, etc.)- The illuminating light travels directly to the lo- 
cation where it is needed, i.e. the bubble, without inter- 
fering with the viewer's vision. Any stray light that is emit- 
ted by the source will be blocked by the surface 34 and 
reflected off to the right, so that it does not interfere with 
the desired image. 

[0024] | n contrast, as is shown in Figure 4, the method used in 

the cited prior art patent places a light bulb in close prox- 
imity to the bubble, so that excessive light is bound to in- 
terfere with the viewing of adjustments. Figure 4 is taken 
from the '859 patent. There, light bulb 66 will emit radia- 
tion that is mostly wasted, traveling in directions other 
than toward the bubble 20 and fluid 22 and shining on 
lens 64 as well as mirror 36. 

[0025] Another variation of the same invention is to incorporate 
an adjustable prism mount with a locking mechanism for 
the desired viewing angle. Figure 2 illustrates such a vari- 
ation, in which prism 35 rests on feet 42, each of which 
has an adjusting screw 44. With this arrangement, the an- 
gle of surface 34 may be adjusted such that the line of 
travel of the bubble image is slightly above or below the 
horizontal. With this option it is possible for the line of 
sight (or line of travel of the image) 37 to be adjusted to 



clear obstacles such as blocks 105 and 107 which repre- 
sent other components of the system that would block the 
view of a level with a non-adjustable prism. 

[0026] Preferably, any of screws 44 may be locked in palace to 
maintain a desired view once it has been adjusted. Op- 
tionally, the line of sight 37 may be tilted up or down (as 
indicated by the arrow at the upper left corner of the 
prism) to clear obstacles or it may be raised or lowered 
while maintaining a horizontal orientation (by turning all 
the screws 44 the same amount) to lower or raise the line 
of sight to clear an obstacle. 

[0027] The incorporation of a high energy LED with a self con- 
tained battery pack as light source 40 in Figure 1 also has 
merit as it could be used in a remote dark area within the 
tool (usually the LED packs are rated for 80 hours of con- 
tinuous light). The stylized symbol labeled EYE in Fig. 1 
may represent a human operator or any optical device, 
such as a camera lens that transmits the image to a tele- 
vision system or equivalent that presents an image of the 
bubble. This image may be located at any convenient lo- 
cation; e. g. where the technician adjusting the orientation 
of the surface is located. 

[0028] Figure 3 shows a top view of the embodiment of Figure 2, 



with an added feature of a rotatable prism. In this view, it 
con be seen that there are three feet 42 with adjusting 
screws 44 that permit tilting the prism along one axis by 
turning the right-hand screw 44 and along an axis at a 
right angle by turning one of the two screws 44 on the left 
up and the other screw down by the same amount. 

[0029] | n addition, arrow 45 indicates that the prism 30 in this 
view can be rotated about a vertical axis perpendicular to 
the plane of the paper in Figure 3. With this option, line of 
sight 37 may be rotated to clear obstacles or to permit the 
operator to move to a different adjustment location and 
still look at the level. 

[0030] The vial holding the bubble is preferably of the bulls-eye 
type, as indicated in Figure 3, with a circular vial 22 hold- 
ing a bubble. When the bubble is centered, the surface 10 
is level along any axis. This arrangement is more conve- 
nient than the arrangement shown in the prior art patent, 
in which the bubble is confined within a cylindrical vial, so 
that it responds only to adjustments on a single axis. 

[0031] | n operation, the sequence of actions will be to place the 
level on the assembly (usually deep within the tool and 
having only 2" to 6" of vertical clearance) and view the 
bubble on the level in a horizontal plane, leaving both 



hands free to make the adjustments. 

[0032] Preferably, the location of the level will be selected for the 
best view. If the other components of the system block 
the operator's view when making leveling adjustments, 
the line of sight may be adjusted by raising or lowering or 
by tilting to clear such obstacles. 

[0033] This simplifies the task of adjustment, speeds up align- 
ment and allows for more accurate positioning of sub- 
assemblies within precision tooling. 

[0034] The term vial is used as is conventional in the field to re- 
fer to the container for the fluid, regardless of its shape. 

[0035] while the invention has been described in terms of a few 
preferred embodiments, those skilled in the art will rec- 
ognize that the invention can be practiced in various ver- 
sions within the spirit and scope of the following claims;l 
claim: 



